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Iras happywhenMrr.Gimbeland Dr. Rinkelirxvlted me to col2leto 

participate In this meeting, and I have been happy to attend the myq~ium on 

the chemical basis of mental Uisease and to be associated with the Manfred J 
sskol FWnd.atlon, because of its dedication to the ,job of dfnrinfshing the amount 

of human sufferlngintheworld. 

Recently, the world has been chatq#ng at a tremendous rate. Techno- 

l~gi~alaUvan~e~ are suchthattheworld is not the same one year asitwas the 

yearbefore. TremenUou weapon8 of de*tructlo+ are developed. The stresses 

underxiwhichpeople livebecome evermore oppressing. There the 

center8 ofmernmen trs a special sort of irrationality. of 

uogma/ f2uw!Kmelattio/, the old principles of conduct. We are forced to strive 

for a fuMamentaJ., ethical, and phi&osophical principle under which we can Uve, 

ff the world is going to survive. 

f 
Ithlnkthatthefundamental ethlcalpr%nciplethateveryonecan accept 

is that of the min~zation of human suffering. !Phls is not the same as maxi- 

r&zing the amount of happinesa in the world. If we take money as the criterion, 

toincmethe inc~oi,aay,ab~geoplebya'tnu;tdreddollars a year is 

not atall equlvalentinthe aarountof happ5,neasthatftca;uses to dccreasw 

the Income of the other two billion by half of that amount. ,,.d It fs the&!M+fering, 

human suffering that we have to pay attention to. 
> 

As the means of communkation and transportation, telephones, telegraphs, 

the press have developed in the world, thenatureof thehumanracehas changed. 

No longer are indlvidualhumanbei13@theunits. They are now bound together 

by these means of conxnunlcatlon in the same way that the ceU.s of an individual 

hmbodyareboud together bythenervesthatinterconnectthem, in such away 

that the whole huxun race fs beeomkng one organism, and a special ethical 



PAUIIElG-2 

principle will have to be developed under these circum&ances. But it must not 

be an ethical principle that places the survival of society 

-lkiFTere are many causeID of human Suffering. In sane parts of the 

starvation, malnutrition, infectious dfseassar are the princl causes; , as% a 
but everywhere mental disease is an important cause, and Mym of the 

hospital beds in the country are occupied by mental patients. Mental disease 

cau6e8 a gaxkht particularly great-u&of suffering for two reasons: 

Firart, it may continue in an individual year after year, B causing 

great suffering for pulse and hi8 friends and relatives. And second, often it 

attacks some of the ~ k@$gmoat able of our people, 

It may well be that schizophrenia is an especially significant disease 

for the most able intellectualer. 'Ihis Is a disease that we must attack. We must 

cut down on the amount of suffering caused by mental illnesra. 

I am grateful to the psychiatrists. For several year 

I have had close contact with them, e 

because I became interested@& 

in the question of hou E&S chemistry might contribute to medicine, 

mightbeuaed indiminishingthe auxxntofhwnanaufferi~, 2 decided that 
EC 

mental disease was the field in whieh there was the greatest need of effort. 

I am grateful to the psychiatrists, even though they do a 

eeause they don't know how to do any better. They u8e crude methods, 

inmlin ahock, eleetro shock therapy, damaging the whole human organism in the 7 
hopethatthe new changed individualwiU.be in someway improved. 



ble handicap crf extreme igmrance, and I am encouraged by the 

uaboutabnotitim in the biochemistry of schizophrenia in- 
- di~uaU& 

a 
as compared 

with other human beings. 

I amencouraged to believet 
* -twenty yeam,vhen, if enough 

r\ 
willbe some signifie~tfundamental,basi.c understandingofthe nature of the 

group of diseaares that 
l&Ax 

clamWy as sehizo#mnia, 9f and other \ 

f 

h 
mental diseases, comparable to that wdii exists now for a few other diseases 

4 
that am called molecular diseases. 

I believe that most DE&&. diseases are mlecular diflea8ebt, the result 

of a biochaanfcal abnormality in the human body. I think that the 

wSch% -the mind, ils a manifestation of the structure of the 

brain, an elec 

of the brain 
I 

by the material structure 

madeabnormalbyan 

abnormality in the che&cal structure of the brain itself,usuaUy 

hereditary in character,/eometimea 

caused by #& abnormality in the env%ronment. 
5 



PADLrn-4 

aie ancxampleof adimase 

prevalent years ago. It W a deficiency disease, 

tion of the 

. This discovery has led to the solu- 

phenylketonurla, first identified 30 years ago by Dr. 

children lack an enzyme in the Uver that cat s 
"%I" 

the &ation of km amino 

acid, phenylalanine to tyrosine, so that the phenylalanine bui up 
> 4 in the blood- ". 

! 
stream and cerebrospixml fluid to high concentrations JV& interferes .$, 

with the development rtP and function of the brain and leads to mental deficiezxy. ' 
2 



/ 1 
TetHg@+ he proteins that we eat T T 

contain 
d 0 

about 20 dlfferentkacidsr glq&ne, 

quite 

mat people have two genes IFJIM they have Inherited from 
J 

their parenta that misnufac:turse the enzyme 
2 / in the liver to do 

this job. One person in 8Ohm one genethatmmafactureer the 

%a WL * CA) -, enzym8 that a nurml person has. Elaegmh f!amagh to map 
A 

them in good health. 



But if -tam or these 

great lottery:$# the child luhcri 

&ds of the Wo gan 

another, j&&thcre c&urs the 

of the m froa the 

mentally defici 

a fQorwecks after birth. yRlv 

,-T Ns disease, which irresponsible for 1 per cent 

of the institutionaU.zcd mcnt&lly deficient individua3s in the United States > 
now may be brought under control became of the discovery about its nature. 

Lad 

-BZvwhichI havcapcraonal 

connection, bceausc its mlccular nature ws& df&covcrcd by three of my 

studcntsworkinginPaeadcnaUyearsag0. 

It is adiscascoftheblo&,~ av 

10 or 20 thousand people in the world die of ix Ch en are born with this 

diseastj &y suffer for a few years and then di 



This disease la a disease in which the / red cells of the blood are 

twisted out of shape. Often, in%t+d ofbeingflat, thcyarc eafsted intoa 
s-9. 

sort of creecent shape that looked to Dr.#crrick in 19ll wlikc a 
+kahw-t xMmsicklcwithwhichonccute grass. He nOmea*mckle cell amen&s. W 

h 

licmoglobin m&es up !!s lper centofthewelghtof Irp4cpI"L 

human bcin&+ wr' xrraL^rib3 

w bemxtiful protain,red, because them3.eculeJ 

whichyabout 10,000 atoms has 4 ion atoms which are able to combine 

with oxygen in the lungs and carry the oxygen out to the extremities. 

The red cells of these patients with Sickle cell an& have these red 

cella which arc tvUtcd out of shape. TheyareoalytwistcdoutofpLsceinthe 

vcnoum blood,notinthe arterialblood, Tkere they have the mrmal shape. As 

you me, there is the cleavage. 

It is highlypmsWprobablcthatit is the hcmglobin fsmlecule then 

that is responsible for the disease, bccausc in arterial blood you don't have 

hemoglobin; you have instead oxygen; whereas in venous blood, there Is something 

different. If these patients manufacture a sort of hemoglobin wae different 

fromthat whichnoma,llndividuals manufacture, thesemightbc stickymolccules, 

self-cos@emmtary, mch that they woxM clamg onto one another to form long 

rods which would line up side by side to form a long needle-like thing. 

It would be longer than the diameter of the red cell, and it would twist itself 

out of shape. They would be stfcpsy and get tangled up with themselves and 

prevent the flow o$' blmd through the capillaries and the v&ous manifest&tlons 



ofthedlscasewmldoccur. 

~~,~r.!t!unneauand Dr.Siqcr,andDr.WeUs,aftcr awhilc,with 

cncousag~t, cd8d out an wt. TheyputalittledropofsxSm 

ssltwater,with clcctr&es at the emds -- a gosit%ve electrode and a mgative 

elQctrode -- ~introdrrcedadropofh~b~fromaanrmslhumanbeing. 

In this colorleos liquid, under the influence of the: electric current, It mved 

cwer toward the posltlvcJq-&argcd elcotrode. It had a negative electric 

Chargs. 

Whcnadropfarofblood fromapatientwith the diseaaewas put in 

the troqh, it moved over to the negativcly=char&i; if it had a positive 

char~e,ithad tobcdifferentfrornthen&rraal hesmglobininthersd cells of 

rumnali~ividuals. 

If yuu sexed these two and put a drag of the mixture in the electric 

field, thcysepwatcd; part of the blood SWCU this way3 the rest that my. 

Then when they got blood from the father of the patient and the mother of the 

patient -- and apt Dr. !?!umcmofaurlaboratoryput ad~ofhcmglobinf'rom 

the father of the lgaticnt -- that blood spl%t fin half; half moved toward the 

dC~SDdh%JftarPardtbeCathoaej and aimU.arly for the mother. 

Thismadct.henaturcof thediscasc clear. The father andthemther 

hadoneno~$methat~~turadn~h~globin. Eachhsdanomal 

gene, and each had an abmmsal gene, aad each of these genes manMa&ured Its 

awn kind of hcmqlobsn. 3crewe had an abm&h~bln. And the patients 

had inheritedonlytbcabnormtrlgttnsofthefatber andonlyths abnorma~gene 

of the aother. 

Ecre uas the dcsmnstration, for the ffrst time, of a discasc of the 

hcm@.oblnxUxule that produced thcmnifcstatiom ofthcdiscase Sickle 



cell auemia. 

That isn't the whole of the story. A mmth or two later, Dr. Tunneau 

brought in souse blood fros another patient who had a still gY)re abnormsJ. 

hemglobin, which was naraed Hemoglobin C, and then Hexsoglobin D, Hemglobin E, 

Hesmglobin G, Hemoglobin 8, Hemglobin I -- $0988 30 car b of these. I havenrt 

kept track of them. Otu of thesagbnomal hemoglobins have been found, many 

of them associated rsith the disease, even with diseases Y& that result in sort 

of hybrid diseases that result from the inheritmce of a Sickle cell amen&a from 

one parent and the inheritance of a C gene from the other. Bmmmgmm Neither 

of these genes alone, in singledorPe,causes adLseasethatamounts to any-tying, 

but the patient who has inherited both the first abnormality and the second ab- 

normality in single &se has a disease, a new kind of hybrid disease, hemolytic 

anemia. 

This example, I think, indicates what we can ezqmzt to find in schiso- 

phrenia, not that there is a me for s&ho-a, such that when the pzztient 

inherit8 this gene in Bauble dose he is schisophrenic, but rather that there are 

many genes such that any one of them, when present in double dose, or perhaps one 

single dose, and another one in single doss, or it may even be a comMnation of 

several of these genes, produces an abnomality, a quantitative abnoxmality to 

make it difficult for the individual to accept reality, to think in the normal 

state, or to retain his sanity under the normal stresses of living, or increasing 

stresses of lbing In the modernworld.. 

There may be factors iuvolved in schizophrenia that come from the out- 

side deficiency factors, soxe lack of scme vitmins, or perhaps toxic chemical 

subsWces that are present. Who kuows9 

The tidence that was pr~tcd to the symposium about the presence of 

some sort of a biochemical abnormality in the blood associated in som way with 



the globuUn fraction of the serum of the blood em to me to be very suggestively 

comrincing, becauee several groups of good investigaMrs from different places 

usiqg different methods of investigation h,ad obtained eomwhatsimUarresults 

with the methods. 

I feel this is a etrong indication of an abnomality that is present 

al.m in the brain and that is involved in the disease -- in some of the dis- 

8ELSW that we classify as echizophrenia. OF coume, this multiple character 

of a diseasre will make it difficult to find a cure, a treatment. But for 43. 

kinds of schizqhrenia, I can't 8ay that I have any hope that mentaJ. disease 

canbebrou@tcompletelyunder control. But1 do bellevethatatremendous 

amount of progress can be lnade in controlling it, and in decreasing the amount 

of hurmn suffering that is involved. 

There are vays for treating diseasea that can be envieaged that have 

not yet been brou@t into practice and that are worth serious effort. For ex- 

ample, in au enzyme deficiency dimass, galactocemia, or many of the other 

enzyme deficiency diseases. With the progress in our lmouledge about the nature 

of emymes, the structure of protein molecules, it will before long be porasible 

to laynthesiee artificial enzymes that w3.U. have enzyWc activity to perhaps 

implant a capsule containing mme stable artificial enzyme as a substitution 

therapy that permits the patient to get along well in the come of his life, 

possibly with an occasional replacement. 

I?ew drug6 will be diaccnmred, mae of thesl by the &me lp~x empkrical 

by meane of which the Aborigines discovered the f efficacy of chewing 

ea in the treatment of malaria. 

But the time will come when we ahaIl have enough understanding of the 

nature of mental disme to b8 able to oynthesize dru@ to order that will be 

specific for a particular disease that will operate not in the rather generally 

nonspecific manueroftheprtlsentdrugsthatare effective, that have changed 
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the character of mental hospitals greatly, but that nevertheless will siiLl 

have to be described as repxwwnting a sort of shotgun attack on the problm 

of the solution of disease. 

In the c-e of dlmases, congenital dimases involving gene abnort&lities, 
3Nb ue have now to recognize the goseibiktty of the X&a replacement -- replacement 

introduction into the defective individual of I.& ml~ules that will serve the 

purpose of the molecules that they did not inherit from their parents. 

But, all of these we paXU.ative measures. They are not the solution 

af the problem. The pool of h-mm germ plasm, you know, eontinuas to degenerate 

day after day, as the natura3. mutagenic agents, natural radioactivity, other 

mutagenic substancee, and those chemicals and artificial high energy radiation 

that constitute a part of our modem life damage the D&6molecules constituting 

thepoolofplama. It it4 a very precious one. 

Agercroncsninheritabout100,000molecules of A 
6 , To,ooo from his 

father, and 50,000 from his mther. 1; all of these inherited by every one of 

the 2 billion persons now liv%ng on earth were to be brought together -- could 

be brought together -- theywould constitute armss of about4 milligrams, the 

size of 4 pinheads. 

This is the pool of humangermplasma.thatI 33nconcerndl about. It 

becomeadamaged --dwageddayafterdaybymntqznic agentrrr,and it is:- 

purified. There is a natural process of purification that goes 43n. E&w genes 

for m phenyluria are caused by th%s mutation process. The probability 

in sontethinglikeone lnahwdredbirth8,or one&n 50,OOOchQdren has anew 

gene for this. For emmple, tiere is a. domvknant gene that causes dwarfism. 

It is a dtinant gene. The parents oi a child who did not powaess the abnormal 

generr, but had two normal genes instead, would between the concegtion of the 

parents and the conception of the child produce an abnormal gene that he i&e&&d. 



One child in l2,OOO inherit8 this. 

There Srm the disease cystic fibrosis. Ckre child in 600 has inherited 

from its parenta two genes for cystic fibrosis which give him this very 

seriow diseaee -- and we don't know what these germs do. This is without 

doubtapsolecular dimase,but the proteinmlecule that is abnormalhas not 

been identified. 

Now when these defective children are born and die without progeny, 

they remove from the pool of fyrxman gem plasma 2 of the defective genes, aud 

so there has been a steady state, such that rcome 4 per cent of the children who 

arebornhave somedegreeofme&alBefeet; some'rper cent are congenitally 

defective i either phpically or cheW.cally. 

I believe that it IS pomslble for us now to begin to carry out the 

procesr of purifying the pool of human germ plasma at a rate to keep up with 

thie continued contamination, without the suffering that is involved in the 

birth and death, p without progeny of the defective children. If two parents 

have aphenylalanin e, then it la kmwn that they are carriers of the gene for 

-eayutetonur la for each max!ssive childg the chance& are 25 per cent 

that the child, this chidd, tolo, w4.U be defective. If two parent8 have a 
7 cm tith cystic fibrosis, or with many other Useases, Tasa&.s dffaease, 

f 
nimintax disemae, we developed a test, a rather difficult one, for detecting 

the heterozygoue for phenyl&&ouuria. oneoftheparents involved cameto me 

w later. Eirwifehad died. Be knew that he and his first wife, if they 

had had f'urtherchildren,therewouJd havebeenthe 25 per cent chance. He 

camewith ayoungwomanthathewan-ted tommy, and he said hewanted toknow 

whether she carried the gene for phe@Jsetonuria. After the t-t was made, 

hems to&l shewas not a carrier forphenylketonuriq that they could get 

mmried, and that aone of their children would have the disease phenylketonuria; 
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of course they would have some other defects, because everyone inherits some 

congenital defects, mainly minor onea. Theminorones arenottobe laughed 

at. They are acawe of atr ee;ten8oue amountofhumansuffering,becausethey 

are not enou& to prevent procreation, and the genes are p~.~sed on for genera- 

tion after generation causing continuous adding to the amount of human suffering 

in the world. 

But it is possible in rxmy cases now to say that s&Q&mx@ offspring 

in thie marri3ge would have a 25 per cent, each child being grossly defective. 

This its a great amount of human suffering, and I would say that it is too great 

achancetobetaken; that a chmce as great as 25 per cent of giving birth to 

a defective child, increasing the amount of human suffering Is BQ great that 

this matter should not be left to a combination of ignorance combined with free 

enterprise in life as is customary at the present time. 

People need knowledge. People need to knuu what their situation is, 

and then of course to decide for themselves in these personal matters. I do not 

advocate legal action. I do not advocate eugenics as a means of imprwing the 

race. We don't know enough about how to improve the race; but we do know some- 

thing about how to decrease the amonht of humz3.n suffering, .md if a heteroeyal 

were to marry a normaL individual as this man, the father did, then half of 

those children would inherit his gene. If the only thing that was done as a 

resjlt of Ktnr increase in knowledge was to get people who possessed defective, 

seriously defective genes of a certain sort to marry other people who do not 

possess these genes, then there would be no elimination of the defective genes 

fromthe pool of humangermplasma, and pretty soon everyone would have a 

greater chance af being defective than he has at the present time. 

I think that in the case of people who know that they are c~~?rying G 

gene, a recessive gene for a serious disease, should marrynormalindividuals, 

and then have a somewhat smaller number of children than normal, 



aw or two children, mkher th,m three OPP far. In this a~ these defective 

rate that they are mu bei= reamed by the de&h md suffering of the defective 

children, but vitbut the death iina suf‘fering of the&e children. This, f believe, 

discme cmzsed by a&.ted gems, c, my that does nc;t iwmlve thee birth ad 

suffering of defective &iS.dren, md 55~ the ym;‘tr~ go by, we sh4.l be :.!ble to 

But, of mmrse, we mwt also considar the queastio~ of pL.is,tive %rez%- 
tkwt 

amt. X wish %aq@ the support for inve&Lp;n.tors uho me studyltn$ the bfo- 

azpmdrupf&. You kxmr thee 71x-e p&mty af scietiistrt, very able gxwple in the 

world, who wxl.d like to be working cu1 problem like this, but who aare fzzstezd 

war- on other problems the nature af' vh%ch I hmen~t time to gp in-k. But 

ve have no mm3 to h.%ve technologgic&t scientific unemployment 

dismwat. There ia plenty of room for the scientist to do 

of hutam beings in the United Sx.~es :md ~32. over the world. 

lxm.ilting frcm 

for the banefit 

I believe that we use rsaing to have CA better md !J better wxld in the 

future, &and that the scientists are goiw to da their gmt in contributing to 

it -- end of amrse rJith the help of the psychi~~tr$ats, p~ple who work in the 

f1el.d of meMk.l ditrsme. We cou28n't get mywhem without the help of the 

pychi<El;trists. 




